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Purpose:  Despite  a sizable  amount  of literature,  the  optimal  management  of  thoracolumbar  fractures
remains  controversial  and  many  authors  assume  the existence  of  disc  lesions  in Magerl  type  A fractures.
The  purpose  of  the  study  was to  assess  the intervertebral  discs  in  these  fractures  at  the  time  of  trauma.
The  hypothesis  was  that  there  was  no  change  in  shape  and  signal  intensity  of  the discs  initially.
Methods:  Fifty-one  patients  diagnosed  with  87  types  A1 and  A3  thoracolumbar  fractures  were  enrolled
in  a  prospective  study.  MRI  analysis  involved  evaluation  of  disc  signal,  height  and  morphological  modi-
ﬁcations  according  to  Oner’s  classiﬁcation.
Results:  No  signal  intensity  modiﬁcation  was  identiﬁed  on  MRI. Disc  morphology  was  either  normal  or
altered  with  creeping  of discal  tissue  in  the  vertebral  endplate  depression.  Overall,  98%  of  the  discs  were
either  type  1  or type  3. Mean  disc  height  on MRI was  1.03  ± 0.36  initially.
Conclusions:  In this  study,  MRI showed  that no  loss  of  height  occurred  in  discs  adjacent  to  fractured
vertebra  and  that  there  was  no  major  alteration  of the  disc  in  terms  of signal  intensity  and  morphology.
Therefore,  the intervertebral  disc  should  not  be removed  in  Magerl  type  A  fractures.
Level of evidence:  Level  IV, therapeutic  case  series.. Introduction
Thoracolumbar spine fractures are frequent and may  lead to
oor functional outcome especially in case of neurological com-
romise. Although a large number of papers have been published,
he optimal management remains controversial [1–3]. The main
ontroversy involves Magerl type A thoracolumbar fractures. No
onsensus exists about the criteria of severity, therapeutic options,
urgical approaches, criteria of effective reduction and causes of
oss of reduction. A signiﬁcant but unsolved problem is to iden-
ify which fracture patterns could be managed conservatively, and
hich ones demand surgical procedure to avoid a posttraumatic
yphotic deformity, with potential long-term sequelae.
∗ Corresponding author. Tel.: +33 6 19 53 52 07; fax: +33 1 42 17 70 53.
E-mail address: philippeloriaut@hotmail.com (P. Loriaut).
http://dx.doi.org/10.1016/j.otsr.2015.08.008
877-0568/© 2015 Elsevier Masson SAS. All rights reserved.©  2015  Elsevier  Masson  SAS.  All  rights  reserved.
We know that mid-term follow-up shows cyphotic evolution.
Both disc degeneration and body collapsus are involved in this
process [4,5].
Several classiﬁcation systems have been proposed in order to
provide a morphological pattern of those fractures and therapeu-
tic guidelines [6–10]. Those classiﬁcations, initially based on plain
radiographs, became gradually more accurate and exhaustive with
tomodensitometry. CT-scan allowed a better analysis of the pos-
terior arch and the comminution of the vertebral body. MRI  then
enabled analysis of the ligaments and the intervertebral disc. In
1998, Oner reported a series of patients with thoracolumbar frac-
tures and placed emphasis on MRI  changes of the intervertebral
disc [5]. He proposed a classiﬁcation, which combines alteration of
disc morphology and signal intensity. Many other authors assume
the existence of disc lesions in Magerl type A fractures and support
a surgical removal of the disc [5,11–17]. Based on our experience,
the intervertebral discs may  not be damaged in types A1 and A3
thoracolumbar fractures. The purpose of our study was  to assess
on MRI  the intervertebral discs in these fractures at the time of
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Table 1
Clinical and demographic data.
Number % of total
Sex
Male 24 52
Female 22 48
Age
Mean 43.4 ± 17.3
Min 19
Max 60
Cause of injury
Falls from a height 29 63
Trafﬁc accidents 8 17
Ordinary falls 6 13
Sport injuries 3 7
Fracture level
Thoracic 17 25
Thoracolumbar junction 31 45
Lumbar 21 30
Magerl subtypes
Type A1 38 55
Type A3 31 45
Number of levels
1 28 61
2  14 30
3  3 7
4  1 2
0 
2 
4 
6 
8 
10 
12 
14 
16 
18 34 P. Loriaut et al. / Orthopaedics & Traumat
rauma. The hypothesis was that there was no change in shape and
ignal intensity of the discs initially.
. Materials and methods
A prospective non randomized non comparative study was
arried out in order to analyze disc signal and morphological mod-
ﬁcations and to measure intervertebral disc heights. One hundred
nd two patients were diagnosed with thoracolumbar fractures in
ur department between February 2008 and July 2010.
The inclusion criteria were: patients aged from 18 to 65 years,
ith Magerl types A1 and A3 thoracolumbar fractures diagnosed on
T-scan, located from T5 to L5. The exclusion criteria were: Osteo-
orotic or pathological fractures, fractures in consecutive vertebral
odies, type A2, B and C fractures (based on Ct-scan and MRI  analy-
is). A2 split fractures were excluded because of the acknowledged
ssociated disc injuries. MRI  was not possible in cases of poly-
rauma requiring emergency intervention before imaging could be
btained.
Radiological evaluation consisted of performing MRI  initially
efore treatment. T1-weighted (TR 400; TE 11), T2-weighted (TR
500; TE 50) and Fast Spin Echo (FSE) images were obtained with a
.5 T Philips healthcare Achieva MRI. Images were transferred to a
ACS workstation. Then, radiological measurements were blinded
nd performed by an orthopaedic spine surgeon and by a muscu-
oskeletal radiologist. Measurements were made using digitalized
ools in the PACS system, Impax (Agfa, Gevaert N.V.) in the global
agerl A group but also in the A1 and A3 sub-groups.
Sagittal T2-weighted MRI  was performed for the evaluation of
isc signal, height and morphology modiﬁcations. Intervertebral
isc heights adjacent to the fracture were measured in millime-
ers on midline sagittal images. Overall disc height was calculated
s the average of anterior, middle and posterior disc heights. Disc
eight index was deﬁned as the ratio between cranial and cau-
al disc heights. Disc signal and morphological modiﬁcations were
nalyzed according to Oner’s classiﬁcation [5].
Prior to study measurements, both observers participated in
raining sessions using 5 MRIs from an independent collective of
atients managed prior to the study. In this session, the observers
ere instructed about measurements and classiﬁcations used in
he present study. Measurements were performed at two different
imes. Interobserver reliability was evaluated in the ﬁrst mea-
urement. Intraobserver reliability was evaluated from the mean
esults of the ﬁrst and second measurement. MRI  parameters were
easured twice at 2-week intervals. In order to assess inter- and
ntraobserver reliability, the data sets of both observers were com-
ared and mean values were analyzed.
. Statistical analysis
Calculations and the statistical analysis were done using
icrosoft Excel 2010 (Microsoft Corp., Redmond, WA). The intra-
nd interobserver reliability values were calculated using Cohen’s
eighted kappa and interpretation of strength of agreement was
one according to the criteria of Landis and Koch [18].
Informed consent was obtained from all patients. Described 1
esearch adhered to the tenets of the Declaration of Helsinki. The
RB considered this study as “standard care” and did not require
urther reviews.
. ResultsOf the one hundred and two patients with thoracolumbar
ractures, ﬁfty-six patients were excluded from the study. Thus,
ixty-nine fractures in forty-six patients (24 male and 22 femaleA1.1  A1.2  A1.3  A3.1 A3.2  A3.3  
Fig. 1. Distribution of the fracture types according to Magerl.
patients) were included allowing the analysis of 138 interverte-
bral discs. The median age of patients was 43.4 (range 19–60). Falls
from a height (n = 29, 63%) were the predominant cause of injury,
followed by trafﬁc accidents (n = 8, 17%), ordinary falls (n = 6, 13%)
and sport injuries (n = 3, 7%). In 28 patients (61%), only one level
was affected by the injury. Two  levels were affected in 14 patients
(30%), three levels in 3 patients (7%), and four levels in 1 patient
(2%).
Table 1 displays the cohort’s main data. The distribution of the
fracture types according to Magerl is shown in Fig. 1.
The overall inter- and intraobserver variabilities of Oner’s clas-
siﬁcation were assessed with kappa values of 0.60 and 0.77,
respectively, delineating good agreement.
4.1. Disc signal and morphology analysisDistribution of the disc types according to Oner are summarized
in Fig. 2. With the exception of three discs graded type 2, supraja-
cent 1 discs were either normal (type 1) or presenting a depression
of the superior vertebral endplate responsible for an increased disc
P. Loriaut et al. / Orthopaedics & Traumatology:
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Fig. 2. Distribution of the disc types according to Oner.
Table 2
Discal height measurements (mm)  in its anterior, middle and posterior areas and
calculation of discal index in type A, A1 and A3 fractures.
Anterior Middle Posterior Global
Suprajacent disc height 8 ± 3 9 ± 3 5 ± 2 7 ± 3
Subjacent disc height 8 ± 3 9 ± 2 5 ± 2 7 ± 2
Type A disc index 1.01 1.03 1.05 1.03
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Deﬁno et al. reviewed their series of 20 patients with type A3
F
TType A1 disc index 0.98 1.05 1.03 1.02
Type A3 disc index 1.03 1.1 1.12 1.05
eight (type 3). (Fig. 3) All subjacent discs were type 1. Overall, 98%
f the discs were either type 1 or type 3.
.2. Discal height measurements
No loss of height occurred in discs adjacent to types A1 and
3 fractured vertebra (Table 2). The disc index was either normal
61%) or increased (39%) and in this case the disc ﬁlled the vertebral
ndplate depression space.
. Discussion
The main ﬁnding of this study was that no loss of height occurred
n discs adjacent to type A1 and A3 fractured vertebra; there was
ven an increase in height corresponding to a creeping of the disc
nside the vertebral endplate depression space. Furthermore no
ig. 3. a: Sagittal CT-scan showing a type A3.1 fracture of L1; b: T2-weighted MRI  showin
2-weighted signal. Bulging of central part of vertebral endplate was responsible for an in Surgery & Research 101 (2015) 833–837 835
major alteration of the intervertebral disc in terms of signal inten-
sity and morphology was  noted.
In the literature, only a few previous studies focused on disco-
vertebral height measurement in thoracolumbar type A fractures.
Most were based on conventional radiographs and, quite fre-
quently, the cohorts represented a variety of fracture types without
further differentiation. Mixed series included types B and C frac-
tures involving predominant disco-ligamentous lesions, which may
have inﬂuenced the outcome and left the reported results partially
inconclusive [14–17,19,20].
Considering type A fractures only, our results seem to be con-
sistent with several previous studies. Oner et al. presented a
prospective series of 70 patients (100 fractures) with MRI  per-
formed initially [21]. They observed 73 type A fractures and
introduced new classiﬁcation patterns focusing on the state of
disco-ligamentous structures. The authors studied morphological
changes but did not refer to signal alterations of the intervertebral
disc. They described 4 types of discs: no evidence of injury in the
disc space (DI 1), rupture and/or debris in the anterior half (DI 2) or
posterior half (DI 3) of the disc space, involvement of the whole disc
(DI 4). DI 1 seems to correspond to type 1 as described in the previ-
ous publication whereas DI 2, DI 3 and DI 4 seem to correspond to
the description of type 3 patterns. We observed that Oner’s second
classiﬁcation as well as the distribution of disc types was similar to
our ﬁndings. Neither loss of height nor decrease of signal intensity
was reported.
Fürderer and Eysel reported in a MRI  study with 20 patients
with A3 and B1 fractures treated surgically that initially 81% of the
discs had preserved signal and morphology whereas the remaining
19% had an alteration of signal intensity [14]. In a more recent
study, the same authors analyzed disc height and volume with MRI
and reported an average loss of disc height of 15% but a preserved
volume of the disc [22]. Nevertheless, in both studies, it seems dif-
ﬁcult to conclude due to the presence of B1 fractures, which are
responsible for disco-ligamentous lesions owing to distraction.
In a prospective series of 15 patients with thoracolumbar burst
fractures, Alanay also reported changes on MRI  in the shape of the
discs with no change in the signal intensity in most of the discs [23].
Several investigators reported a loss of height in the interverte-
bral disc of type A thoracolumbar fractures [15–17,19,20,24].fractures who  underwent posterior ﬁxation. Disc and vertebral
heights were measured on plain radiographs before treatment, in
the immediate postoperative period and at ﬁnal follow-up (2 years)
g the suprajacent disc of L1 presenting morphological changes but with preserved
creased discal height, meeting the criteria of Oner’s type 3.
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15]. The authors reported an initial loss of vertebral height of 30%.
urgical procedure allowed a correction of 15% but upon late evalu-
tion, a recyphosis with loss of height of 26% was noted. Concerning
he intervertebral discs, an initial loss of height for both adjacent
iscs was reported, followed by a restoration of disc height in the
mmediate postoperative period. At ﬁnal follow-up, a recurrent loss
f height equal to the height prior to treatment occurred. They
oncluded that there was a loss of height predominant in the disc
uprajacent to the fractured vertebra.
In a retrospective series of 20 patients with A3 fractures, Müller
t al. also reported that the loss of height of the suprajacent
nd subjacent discs were respectively of 70% and 40% on plain
adiographs [19].
Eysel ﬁrst reported in a radiographic study a loss of correction
elated to the destruction of the intervertebral disc in two  thirds
f the cases and to the destruction of the vertebral endplate in the
emaining third of the cases [13].
Those results differ from ours, which may  partly be explained by
he fact that these studies were based on conventional radiographs
easuring discal height as a 2D projection of a 3D structure. In
ur opinion, the narrowing of the radiological disc space on X-rays
ould be responsible for an underestimation of the anatomic disc
eight. Indeed, due to the compression mechanism, the suprajacent
isc seems to disappear on plain X-rays giving the impression of a
oss of height described by those authors.
There were only a few previous studies analyzing thoracolum-
ar fractures with MRI, of which most of them were retrospective.
udig et al. reported the results of a retrospective MRI  study of
nstable thoracolumbar fractures performed after implant removal
ith a minimum follow-up of 20 months. They observed alterations
f discal shape without structural failure of the annulus ﬁbrosus
nd a loss of height, which concerned both discs to approximately
he same degree [25]. However the authors provided neither pre-
ise descriptive patterns of the intervertebral disc alterations nor
istinction between Magerl’s fracture types.
Oner et al. assessed MRI  changes of the intervertebral discs in
 retrospective study of 63 patients (75 thoracolumbar fractures)
5]. They developed a classiﬁcation of six disc types based on MRI
ealized after an average of 18 months. Contrary to our study, Oner
ncluded 58 type A fractures as well as 15 type B and two  type C
ractures. Concerning type A, he reported a wide variation of disc
atterns in both supra- and infra-jacent discs including loss of sig-
al (type 2) and global disc collapse (type 6). From a biomechanical
oint of view, these results appear difﬁcult to explain. Typically,
ype A fractures are subject to axial compression forces responsi-
le for a central depression of vertebral endplate. It seems therefore
ifﬁcult to understand how the subjacent disc could be affected in
his mechanism. These results have to be interpreted with caution
ue to the fact that the study was retrospective and that MRIs were
ot performed on fresh vertebral fractures. In addition, the wide
ariation of disc types could be correlated with the existence of
egenerative lesions prior to the trauma.
Recently Verlaan et al. and Wang et al. analyzed discs degen-
ration of thoracolumbar fractures after pedicle screw removal on
RI. They suggested that endplate fractures were associated with
isc degeneration and that the surgical restoration of the endplate
racture could prevent it [26,27].
Sander et al. also presented a grading system based on mor-
hologic changes and signal alterations of the adjacent discs of
horacolumbar fractures. Disks were divided according to their sig-
als into four categories from grade 0 to grade 3 [28].
The present study has some strong points. To the best of
ur knowledge, it is the ﬁrst prospective study that investigates
horacolumbar fractures of a single type only (Type A) with MRI
ssessment of initial disc height, signal and morphology. It also has
ome limitations: the absence of a control group and the relatively Surgery & Research 101 (2015) 833–837
small number of cases does not allow ﬁrm conclusions. The
selection of radiological parameters, which should be considered
in evaluating thoracolumbar injuries, is still not straightforward.
The clinical relevance of this study lies in the observation that
the initial analysis of the intervertebral discs on MRI  could inﬂuence
the choice of the surgical technique in thoracolumbar fractures.
MRI  showed no major alteration of the intervertebral disc in terms
of signal intensity and morphology. This is strongly suggestive
that the intervertebral disc should not be removed in Magerl type
A fractures. Following fracture reduction and initial reconstitu-
tion of spinal alignment, loss of correction over time is frequently
observed after posterior instrumentation. Therefore, we might set
the assumption that recyphosis after removal of corset or ﬁxa-
tor could be related to the initial lack of reduction of vertebral
body endplate depression and to the recurrence of discal tissue
creeping in the empty space left. The radiological intervertebral
space narrowing would therefore be a result of the creeping of
the discal tissue into the endplate depression. Therefore the main
effort at reduction should be focused on the superior endplate
depression.
6. Conclusion
In conclusion, our study provided detailed information about
the intervertebral discs adjacent to thoracolumbar vertebral frac-
tures, as well as it offered a better understanding of the radiological
disc space narrowing. Decision-making factors in thoracolum-
bar fractures should include the evaluation of intervertebral disc
integrity as well as an accurate analysis of vertebral endplate
depression in order to restore it. Finally, our study concurs with
several investigators to emphasize that disc structural integrity is
preserved in type A fractures and that morphological changes most
likely correspond to a creeping of the discal tissue in the vertebral
endplate depression.
This study also conﬁrms that MRI  should be considered as the
imaging technique of choice for the exploration of thoracolumbar
fractures. It is an effective tool for diagnosis and decision-making
in the therapeutic management of thoracolumbar fractures, which
should be taken into consideration in further studies.
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